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I.NTRODUCTION 
Heterocyclic aromatic amines (HCAs) are potent 
mutagens at nanogram per gram (ng/g) levels in cooked 
meat, poultry and fish at high temperature and play an 
important role in the etiology of human cancer 
(Sugimura, 2002). The mutagenicity of HCAs in meat 
has been assessed by using the microsom test of 
Ames/Salmonella and HCAs are found over 100 fold 
more mutagenic than aflatoxin B1 and over 2,000-fold 
more mutagenic than benzo[a]pyrene (Stavric, 1994; 
Knize, et al., 1995; Sugimura et al, 2004). The United 
States 12
th
 Report on Carcinogens reported that MeIQ, 
MeIQx, IQ, and PhIP were reasonably anticipated to be 
human carcinogens (NTP, 2011). The most common 
HCAs in cooked foods are 2-amino-3,8-
dimethylimidazo[4,5-f]quinoxaline (MeIQx) and 2-
amino-1-methyl-6-phenylimidazo[4,5-b]pyridine 
(PhIP), which are classified as mutagens in the Ames 
test and exhibit carcinogenicity in animal testing 
(Nagao et al., 1977; Sugimura, et al., 2004). Zsivkovits 
et al., (2003) reported that MeIQx and PhIP induced 
DNA damage in colon and liver of rats. Tang et al., 
(2007) found a significant association between total 
meat consumption and total grilled red meat 
consumption with PhIP-DNA adducts. Furthermore, 
specific meats including, grilled hamburger, grilled 
steak, grilled pork chop, grilled hot dog, and grilled 
chicken with skin were associated with the occurrence 
of PhIP-DNA adducts in prostate tumor cells. Findings 
suggest that PhIP not only has the ability to propagate 
but also to promote cancer causing cells (Lauber and 
Gooderham 2011). Usually HCAs were occurring in 
ABSRACT 
Heterocyclic amines (HCAs) are a group of toxic chemicals, play an important role in the etiology of human cancer which 
formed at high temperature during cooking meat and fish. Antioxidants have proved to inhibit the formation of HCAs due to 
different mechanisms scavenging free radical, inhibits oxidative enzymes like cyochrome P450 and chelates metal ions like 
Fe+2 as well as protecting lipids against oxidation. Clove has potent antioxidants and antimicrobial activities standing out 
among the other species. Therefore current study done to show efficiency of 0.5% clove at preventing the formation of two 
most common HCAs: 2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline (MeIQx) and 2-amino-1-methyl-6-phenylimidazo[4,5-
b]pyridine (PhIP) through seasoning of beef steaks before grilling and estimate antioxidant status of animals fed on the 
experimental diets. HCAs levels in food and blood samples were analyzed by HPLC.  The results showed that content of 
MeIQx and PhIP in grilled beef meat steak were 23.0 ±2.87 and 15.0±2.14 ng/g, respectively. While the content of MeIQx and 
PhIP in seasoning grilled steak were degraded to 1.9 ± 0.31 and 1.6 ± 0.23 ng/g, respectively. On the other hand the results 
showed that the percentages of reduction of MeIQx and PhIP were 91.7 and 89.3% in seasoning grilled steak, respectively 
comparing with un- seasoning grilled steak. The levels of tested HCAs also showed significant differences among rat groups 
fed on the experimental diets. The highest MeIQx and PhIP concentrate in serum rats group fed on untreated grilled meat diet 
(positive control) were11.1±1.85  and 8.77±8.77 ng/ml, respectively, while seasoning with 0.5% clove before grilling led to 
decrease in MeIQx and PhIP concentrate to 0.82±0.16 and 0.51±0.09  ng/ml respectively with decreasing percent reached  92.6 
% and   94.2%  respectively. In addition, the results revealed that fed rats on un-seasoning grilled steak (positive control) 
caused high significant increased in lipid peroxide (malonaldhyde, MDA) accompanied by significant decreased in the levels of 
reduced glutathione content (GSH)  and activities of antioxidant defense enzymes glutathione peroxidase (GHPx) and catalase 
(CAT),  compared with basal diet group (negative control). However, clove treatment group lowered the level of lipid 
peroxidation and enhanced the antioxidant status of animals. Seasoning beef meat steaks before grilling with potent antioxidant 
clove species inhibit HCAs formation and their potential hazards to human health. This might be due to the powerful 
antioxidant activity of clove as strong hydrogen donating, metal chelating and scavenging of free radicals, hydrogen peroxide 
and superoxide.  
Keywords: Heterocyclic amines (HCAs), 2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline (MeIQx) , 2-amino-1-methyl-6-
phenylimidazo[4,5-b]pyridine (PhIP), clove, grilled beef meat, antioxidant plants, lipid peroxide, antioxidant defense enzymes. 
El-Desouky et al                                       Journal of Drug Delivery & Therapeutics. 2015; 5(5):33-40 34 
© 2011-15, JDDT. All Rights Reserved                                                ISSN: 2250-1177                                                CODEN (USA): JDDTAO 
foods at the ng/g range, their risk is still relevant to 
consumers (Murkovic 2007; NTP, 2011).   
Many HCAs formed via the Maillard reaction from 
creatine, creatinine, free amino acids and 
monosaccharide, compounds that occur naturally in 
protein-rich foods of animal origin. The development of 
the Maillard reaction occurs through a free radical 
mechanism that has been shown to play an important 
role in the formation of imidazoquinoxalines and 
imidazoquinolines (Jägerstad et al., 1998). The reactive 
intermediates such as pyrazinum and pyridinum cation 
radicals can be inactivated by the anti-oxidative effect 
of spices/herbs. In addition heat and mass transfer, lipid 
oxidation and antioxidants have effect on concentration 
of HCAs (Philippe et al., 2000; Kapan and Kaya, 2007; 
Alaejos and Afonoso, 2011). Prevention of free-
radicals, as an intermediate in the Maillard reaction, 
would likely decrease the formation of HCAs 
(Murkovic et al., 1998; Kikugawa 1999).  
Previous studies found that many factors play important 
roles in the formation of HCAs includes adding 
antioxidant spices or other materials to meats reduce 
formation of HCAs, so different strategies and methods 
have been developed to mitigate of HCAs in food 
successfully. The methods of adding antioxidant spices 
to meat include incorporation into meat, surface 
application, and marinating. Tsen et al., (2006) found 
that mixing antioxidant materials, such as spices 
rosemary powder into meat effectively reduces HCAs 
formation. Methods of adding inhibitory ingredients 
include surface application and marinating. Reduction 
of HCAs formation has been associated with surface 
application of antioxidant spices such as powders of 
rosemary, sage, thyme, and garlic, individually 
(Murkovic et al., 1998) and Vitamin E (Balogh et al., 
2000). Also, commercially available marinades are 
capable of reducing HCAs (Smith et al., 2008). 
Marinades which include antioxidants such hibiscus, 
garlic, and onion were inhibited HCAs formation in 
fried beef patties (Gibis 2007; Gibis and Weiss 2010), 
green tea (Weisburger , et al., 2002; Quelhas et al., 
2010).  As well as Gibis and Weiss, (2012) reported  
that the content of MeIQx and PhIP were significantly 
reduced 57% and 90%, respectively, after use of 
marinades containing the highest extract concentration 
of grape seed. 
Antioxidants can act as inhibitors along the different 
pathways of reaction, preventing the mutagens 
formation through radical quenchers and free radical 
scavengers activity or preventing the biotransformation 
of pre-mutagens into reactive metabolites by inhibiting 
metabolic activation (Dashwood, 2002).  Antioxidants 
also reduce the cellular damage resulting from 
interaction between lipid, protein and DNA molecules 
and reactive oxygen species (ROS). Regardless of the 
presence of this antioxidant system an over or 
unbalanced production of ROS due to contact with 
chemicals may resulted in a number of clinical disorder. 
ROS are scavenged by the endogenous antioxidant 
defense system, including superoxide dismutase (SOD), 
catalase (CAT), and reduced glutathione (GSH) in cells 
(Bindhumol, et al., 2003).  
Clove (Syzygium aromaticum L.) is one of the most 
valuable spices that have been as food preservative and 
for many medicinal purposes. Clove in particular has 
attracted the attention due to the potent antioxidant and 
antimicrobial activities standing out among the other 
spices (Shan et al., 2005). It represents one of the major 
vegetal sources of phenolic compounds as flavonoids, 
hidroxibenzoic acids, hidroxicinamic acids and 
hidroxiphenyl propens. Eugenol is the main bioactive 
compound of clove, which is found in concentrations 
ranging from 9,381.70 to 14,650.00 mg per 100 g of 
fresh plant material (Perez-Jimenez et al., 2010). With 
regard to the phenolic acids, gallic acid is the compound 
found in higher concentration (783.50 mg/100 g fresh 
weight). However, other gallic acid derivates as 
hidrolizable tannins are present in higher concentrations 
(2 375.8 mg/100 g) (Shan et al., 2005). Other phenolic 
acids found in clove were the caffeic, ferulic, elagic and 
salicylic acids. Flavonoids as kaempferol, quercetin and 
its derivates (glycosilated) are also found in clove in 
lower concentrations. Concentrations up to 18% of 
essential oil can be found in the clove flower buds. 
Roughly, 89% of the clove essential oil is eugenol and 
5% to 15% is eugenol acetate and β-cariofileno 
(Jirovetz et al., 2006). Another important compound 
found in the essential oil of clove in concentrations up 
to 2.1% is α-humulen. Volatile compounds present in 
lower concentrations in clove essential oil are β-pinene, 
limonene, farnesol, benzaldehyde, 2-heptanone and 
ethyl hexanoate (Diego Francisco Cortés-Rojas et al 
2014). Therefore, this study investigate the  efficiency 
of clove (S. aromaticum)  applied to the surface of beef 
meat steaks before grilling at preventing the formation 
of two most common HCAs: 2-amino-3,8-
dimethylimidazo[4,5-f]quinoxaline (MeIQx) and 2-
amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) 
and estimate antioxidant status of animals fed on the 
experimental diets. 
II. MATERIALS AND METHODS 
II.I. Materials 
Beef meats samples 
Beef meats were purchased from a local grocery store in 
Giza, Egypt. The grocery store cut it to steaks. The 
steaks were placed in individual freezer bags and frozen 
until use. 
Plant material 
Experimental plant clove (Syzygium aromaticum L.) 
species was purchased from a local market, Cairo, 
Egypt and then ground with blender (2000 rpm) to 
obtain fine powder. 
MeIQx and PhIP 
MeIQx and PhIP standard was obtained from Sigma- 
Aldrich, St. Louis, USA.  
Experimental animals 
Twenty one adult male Sprague-Dawley albino rats 
average weight (115±3 g) were purchased from the 
Laboratory Animal Department, Research Institute of 
Ophthalmology, Giza, Egypt. The animals were housed 
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in plastic cages under normal health laboratory 
condition at 25˚C ± 2˚C with timed lighting 12h and 
relative air humidity of 40 - 60% and fed on basal diet 
for one week as an adaptation period. After the 
adaptation period (1 week), the rats were randomly 
divided into 3 groups (7 rats for each group). 
II.II. Methods 
Preparation of beef meat grilled steak samples 
Beef meat steaks grilled on the open direct flame at 
more than 200˚C for 5-7 min for each side. For direct 
application of spices treatment, steaks were seasoning 
well directly on to each side with 0.5% clove powder 
overnight in refrigerator before grilled. After cooking 
all samples were cooled at room temperature for an 
hour, the samples were minced in a grinder, packed in 
polyethylene pages and preserved in deep freezer at -
18˚C until tested. 
Determination of MeIQx and PhIP in grilled steak 
samples 
MeIQx and PhIP were determined by High performance 
liquid chromatography (HPLC) methods as described 
by (Zochling and Murkovic, 2002; Messner and 
Murkovic 2004)  
High performance liquid chromatography (HPLC), HP 
Series II, 1090A (Palo Alto, CA, USA) fitted with a 
photodiode array ultraviolet (UV)-visible detector (HP 
1040) and a fluorescent detector was used for separation 
and identification of HCAs. Detection of HCAs was 
achieved by both UV and fluorescence detectors. The 
UV detector was set at 263 nm wavelength for 
monitoring MeIQx. For PhIP, the maximum excitation 
was 229 nm and the emission was 437 nm. 
Experimental design 
The basal diet was prepared according to the method 
described by A.O.A.C. (2005). The rats were randomly 
divided into three groups each of 7 animals and treated 
8 weeks as follows: the first group (G1) received basal 
diet (negative control), the second group (G2): rats fed 
on un-seasoning grilled beef meat steak (positive 
control) and the third group (G3): rats fed on seasoning 
grilled beef meat steak with 0.5% clove powder. 
Biochemical analysis 
The blood samples were collected at the end of 
experimental period. The blood samples were collected 
from eye plexuses into both heparinized tubes and into a 
dry clean centrifuge glass tube without any coagulation 
to prepare serum. Blood samples were left for15 
minutes at room temperature, then the tubes were 
centrifuged for 15 min at 3000 rpm and the clean 
supernatant serum was kept frozen at -20 ºC until the 
time of analysis. Antioxidant statuses of animals fed on 
the experimental diets were evaluated by estimated lipid 
peroxide (malonalddhyde, MDA) according to the 
method of (Satoh, 1979). Glutathione (GSH) activity 
and Glutathione peroxidase (GHPx) were determined 
according to method of Paglia and Valentine (1967) and 
catalase activity (CAT) was determined according to the 
method of (Fossati and Prencipe 1982 and Aebi, 1984). 
Determination of MeIQx and PhIP in blood of rats 
MeIQx and PhIP were determined in blood serum 
according to methods described by Robert et al., (1993) 
using HPLC.  
Statistical analysis 
Data were subjected to analysis of variance (ANOVA) 
and computing using the SAS General Linear Model 
producer (SAS, 1990). All statements of significance 
were based on probability of P<0.05. 
III. RESULTS AND DISCUSION  
III.I. Levels of HCAs in grilled beef meat steaks  
The results of comparing seasoning with 0.5% clove 
overnight and un-seasoning beef meat steaks before 
grilling are shown in Table 1. An average decrease 
greater than 90.5% in sum of HCAs observed. Grilled 
beef meat steak (un-seasoning) had 23.0 ± 2.87 ng/g of 
MeIQx, and 15.4 ± 2.14 ng/g of PhIP. These results 
agree with the results of Smith et al., (2008) who found 
that the dominant HCAs in beef meat steaks was MeIQx 
(30±4.14ng/g) followed by PhIP (14.4±4.73ng/g). 
These amounts significantly decreased (P≤0.05) to 1.9 
±0.31 ng/g of MeIQx and 1.6 ± 0.23 ng/g of PhIP 
respectively for seasoning beef meat steaks with 0.5% 
clove powder overnight before grilling with decreasing 
percent reached to 91.7 % and 89.3 % comparing with 
un-seasoning grilled meat. This result confirmed with 
other previously studies. Murkovic et al., (1998) 
showed that applied the ground powders of rosemary, 
sage, thyme, and garlic, individually, to the surface of 
beef 24 hours prior to pan-frying lead to significant 
reduction in HCAs.  Vitamin E at 1% of the total meat 
weight was applied to the surface of ground beef patties 
30 minutes prior to pan-frying resulted in a significant 
reduction in formation of all HCAs of interest (Balogh 
et al., 2000). Verdin (2002) also studied several spices 
as antioxidants and possible HCA reducers, the spices 
used were basil, garlic, ginger, onion, oregano, 
rosemary, sage, thyme. In addition, Tsen et al., (2006) 
demonstrated that addition of 0.3 % rosemary powder 
mixed with ground beef 2 hours prior to grilling 
significantly reduced MeIQx by 57 % and PhIP by 77.1 
%. On the other hand, Smith et al .,2008) indicated that 
Caribbean marinated contained amounts considerable  
amounts of the polyphenolic antioxidants carnosic acid, 
carnosol, and rosmarinic acid decreased MeIQx from 30 
± 6.4 ng/g to 3.1± 0.62 ng/g and from 17.4±4.73 ng/g to 
2.33±0.15 ng/g of PhIP in grilled meat steak.   Farag, 
(2014) found that seasoning beef meat with 1% ginger 
over time before grilling that led to decrease IQ 
concentrate from 14.368 ng/g (ppb) to  3.367ng/g   with 
decreasing percent reached to 76.56%.
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a
HCAs  : 2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline (MeIQx) and 2-amino-1-methyl-6-phenylimidazo[4,5-
b]pyridine (PhIP)  
b  
: Seasoning grilled beef meat steaks with 0.5% clove powder overnight before grilling. 
Each value represents the mean ±SD of 5 replicates. 
 
Antioxidants have proved to inhibit the formation of 
HCAs due to both mechanisms scavenging the 
intermediary pyrazine cation radical as well as 
protecting lipids against oxidation. The use of 
antioxidants as free radical scavengers have 
demonstrated efficiency in stabilizing these 
intermediates, thereby reducing the HCA levels (Nagao 
et al., 2000; Verdin ,2002). Phenolic antioxidants such 
as rosemary and thyme were already shown to 
effectively inhibit the formation of IQ type HCAs 
because they contain free radical scavengers (Murkovic 
et al., 1998; Kikuguwa et al., 2004). Direct interactions 
and noncovalent heterocomplexes formation may be 
one of the most important mechanisms of antioxidant 
polyphenol protection against genotoxic effects of 
HCAs (Osowski et al., 2010). Among spices, clove 
showed the higher content of polyphenols and 
antioxidant compounds. The major types of phenolic 
compounds found were phenolic acids (gallic acid), 
flavonol glucosides, phenolic volatile oils (eugenol, 
acetyl eugenol) and tannins.  Eugenol is the main 
bioactive compound of clove, which found in 
concentrations ranging from 9381.70 to 14650.00 
mg/100g of fresh plant material (Shan et al., 2005; 
Perez-Jimenez et al., 2010). It was highlighted the huge 
potential of clove as radical scavenger and as a 
commercial source of polyphenols. The powerful 
antioxidant activity of clove extracts may be attributed 
to the strong hydrogen donating ability, metal chelating 
ability and scavanging of free radicals, hydrogen 
peroxide and superoxide (Gülçina et al., 2004). Eugenol 
allows the donation of an hydrogen atom and 
subsequent stabilization of the phenoxyl radical 
generated forming stable compounds that do not start or 
propagate oxidation. The eugenol molecule possesses 
an interesting conjugation of the carbon chain with the 
aromatic ring which could participate in the 
stabilization of the phenoxyl radical by resonance 
(Gülçin İ, 2011). 
III.II. Levels of HCAs in blood serum of rats fed on 
experimental diets 
HCAs concentrate (ppb) in blood serum of rats fed on 
experimental diets are shown in Table 2. The results 
revealed significant differences among rats groups. the 
highest MeIQx and PhIP concentrate for rats group fed 
on grilled meat (positive control) were11.1±1.85 ng/ml 
(ppb), respectively. On the other hand seasoning beef 
meat steaks with 0.5% clove overnight before grilling 
that led to significant decrease (P≤0.05) in MeIQx and 
PhIP concentrate to and 0.82±0.16 ng/ml and 
0.51±0.09ng/ml in serum respectively with decreasing 
percent reached to 92.6%   and 94.2%,respectively. 
Farag (2014) found that 1% ginger over time before 
grilling that led to decrease IQ concentrate in food, 
serum and urine to 3.367ng/g, 0.49 ng/ml and 1.74 
ng/ml, respectively with decreasing percent reached to 
76.56, 93.17 and 91.37%, respectively comparing with 
un-seasoning grilled meat. 
 
Table 2:  HCAs
a
 Levels in blood serum of rats fed on experimental diets. 
Groups Compounds (ng/ml) mean ±SD 
Me IQx Ph IP 
G1: basal diet (-ve control)   ND ND 
G2: grilled beef meat steaks  (+ve control) 11.1±1.85 8.77±1.75 
G3: pre-seasoning grilled beef meat steaks 0.82±0.16 0.51±0.08 
a
HCAs  : 2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline (MeIQx) and 2-amino-1-methyl-6-phenylimidazo[4,5-
b]pyridine (PhIP)  
b  
: Seasoning grilled beef meat steaks with 0.5% clove powder overnight before grilling. 
c  
:Each value represents the mean ±SD of 5 replicates. 
Table1. Levels of HCAs
a
 in grilled and pre-seasoning grilled beef meat steaks
b
 
Treatments compounds(ng/g) mean ±SD 
Me IQx Ph IP 
Grilled beef meat steaks 23±2.87 15±2.14 
pre-seasoning grilled beef meat steaks 1.9±0.31 1.6±0.23 
Inhibition% 91.7 89.3 
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III.III. Effect of experimental diets on oxidation 
state and antioxidant enzymes of rats 
The results in Fig (1) demonstrated significant increased 
(P≤0.05) in lipid peroxidase (malondialdehyde, MDA) 
and decrease in glutathione content (GSH) in rats fed on 
grilled meat (positive control) compared with rats fed 
on basal diet (negative control). The increased MDA 
level and decreased GSH concentration indicate an 
increased generation of ROS, which cause lipid 
peroxidation in the liver (Nandi et al., 2005). ROS is 
capable of damaging crucial biomolecules such as 
nucleic acids, lipids, proteins and carbohydrates and 
have been implicated in more than 100 diseases 
(Tanizawa et al., 1992; Gulcin et al., 2003). Glutathione 
content decreased significantly in HCAs treated rat 
group suggesting its rapid oxidation. Glutathione has a 
beneficial effect by virtue possing-SH group so, helps to 
protect biological membranes, which are readily 
susceptible to peroxidation. GSH acts directly as an 
antioxidant and also participates in catalytic cycles of 
several antioxidant enzymes such as glutathione 
peroxidase and glutathione reductase. The reduction of 
GSH shows the failure of primary antioxidant system to 
act against free radicals (Aydogan et al., 2010).  
The results in Fig (2) showed a significant decrease 
(P≤0.05) in Catalase (CAT) and GSHPx  activities in 
HCAs group. Hence, this enzyme protects tissues from 
highly reactive hydroxyl radical (•OH), derived from 
H2O2 (Huang et al., 2004). Catalase and GSHPx 
catalyze dismutation of the superoxide anion (O2 −) 
into hydrogen peroxide (H2O2) which then convert 
hydrogen peroxide to water, in this manner, providing 
protection   against reactive oxygen species (ROS) 
(Sayed-Ahmed et al.,2010). Thus, the decrease in CAT 
activity increased the toxic effect of the free radicals 
formed from the HCAs effect. 
  
 
Fig.1: Effect of experimental diets on oxidation state of rats. 
(MDA: Lipid peroxide (malonaldhyde)      GSH : Reduced glutathione content.) 
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Fig.2: Effect of experimental diets on oxidation enzymes of rats. 
(CAT:  Catalase     GHPx : Glutathione peroxidase.) 
 
Antioxidants reduce the cellular damage resulting from 
interaction between lipid, protein and DNA molecules 
and ROS. Therefore, rats fed on seasoning beef meat 
steaks with 0.5% clove powder before grilling 
significantly improved all above tested parameters 
(P≤0.05) compared with positive control (un-seasoning 
beef steaks) as illustrated in Figs (1&2). The results 
indicated that antioxidant species showed protective 
effect against tested HCAs induced toxicity by 
modulating lipid peroxidation and increased antioxidant 
defense system.  Our results were agreed with previous 
studies. Sadeek and Abd El-Razek (2010) found that 
supplementation with either 2% turmeric , clove, chili, 
or cardamom significantly decreased (p< 0.05) serum 
MDA and liver iron deposition compared to iron 
overloaded group with the lowest value in group fed 2% 
clove . On the other hand, a significant increase (p < 
0.05 ) in serum catalase in groups supplemented with 
different spices was reported with the highest value in 
group fed 2% clove . Also, Abozid and El-Sayed (2013) 
reported that clove extract and clove essential oil 
resulted significant reduction of lipid peroxidation 
product induced by H2O2. 
Possible mechanism behind this is the antioxidant 
spices like clove scavenges or neutralizers the free 
radicals interacts with oxidative cascade quenches 
oxygen, inhibits oxidative enzymes like cyochrome 
P450 and chelates metal ions like Fe
+2
, inhibits 
peroxidation of membrane lipids and maintains cell 
membrane integrity and their function in the liver, lung 
and kidney. In fact, antioxidants can act as inhibitors 
along the different pathways of reaction, preventing the 
mutagens formation through radical quenchers and free 
radical scavengers activity or preventing the 
biotransformation of premutagens into reactive 
metabolites by inhibiting metabolic activation, or direct 
noncovalent interactions of antioxidants with HCAs, 
which may lead to the sequestration of mutagens, 
blocking their bioavailability and thus reducing their 
genotoxic potential. (Dashwood et al., 2002; Osowski et 
al., 2010). It has been reported that the antioxidant 
activity of clove could be attributed to its 
phytochemical contents which increases the amount or 
increase the activity of antioxidant enzymes (Rock et al 
., 1996), or due to their trace element contents which are 
required for the antioxidant enzyme activity (Lamp 
(1999; Sharma et al . ,2001). Clove essential oil showed 
the highest antioxidant activity compared with 16 
essential oils tested by ferric reducing power assay 
(Teixeira et al., 2013). Clove essential oil has been 
reported in previous studies as one of the strongest 
antioxidants, even higher than some synthetic 
antioxidants like BHT or butylated hydroxyanisole 
(Misharina and Samusenko, 2008; Jirovetz  et al., 2006; 
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Wei et al., 2010). The strong activity of clove essential 
oil can be due to the presence of eugenol, the main 
constituent of this essential oil, which is known to have 
antioxidant activity (Ruberto and Baratta, 2000; Wei et 
al., 2010). The antioxidant activity of eugenol was 
evaluated by the extent of protection offered against 
free radical-mediated lipid peroxidation using both in 
vitro and in vivo studies. Eugenol completely inhibited 
both iron and Fenton reagent-mediated lipid 
peroxidation. The inhibitory activity of eugenol was 
about five fold higher than that observed for α-
tocopherol (Nagababu et al., 2010).  
In conclusion: our result suggested that seasoning of 
beef meat with antioxidant species clove powder before 
grilling is a very simple but efficient method to reduce 
exposure to HCAs and their potential hazards to human 
health.
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